The seasonal variability of production shrinks during a boom, not only at the industry level, but also at the plant level. Since this relationship is significant especially among plants with high capacity utilization, our finding is consistent with the capacity constraint hypothesis.
Introduction
The studies of interaction between seasonal variability and business cycles have been relatively limited, although they yield valuable insights into economic dynamics and seasonal adjustment methods. Among them, Cecchetti, Kashyap, and Wilcox (1997) suggested an important hypothesis that the seasonal amplitude of production is smaller during a boom because the capacity constraint forces firms to produce a larger fraction of output in off-peak seasons.
1 From the data of two-digit industries, they found empirical evidence to support this hypothesis. Since the capacity utilization considerably varies from plant to plant even within an industry, this paper reexamines their industry-level finding by exploiting newly constructed plant-level data.
2
The remainder of the paper is organized as follows. Section 2 describes the data. Section 3 explains the empirical methods. Section 4 reports results from our sample. Section 5 concludes.
Description of data
As an example of production activity with strong seasonal cycles, this paper chooses the production of air conditioners in Japan. Data are derived from Japan's Current Survey of Production (Seisan Doutai Tokei, in Japanese) . 3 This statistics contains data of production quantity and capacity in terms of physical units on a monthly basis. 4 This paper constructs a plant-level data set 1 This holds true as long as the marginal cost curve is upward-sloping and convex. Cecchetti et al. (1997) consider marginal cost curves with various shapes. 2 Beaulieu, Mackie-Mason, and Miron (1992) found a positive correlation between seasonal variation and nonseasonal variation in aggregate variables across countries and across two-digit industries. They attributed it to the capacity constraint since cross-section variability is smaller during a peak season because of the truncation of high output. Tomiura (1998) provided plant-level evidence for this interpretation. In this paper, the terms "plant" and "establishment" are used interchangeably.
3 The classification code for the air conditioner in the Current Survey of Production is No.2180 in the Refrigerating Machines (No.18). The production quantity is measured by the number of outside units, while it is defined by the number of inside units for plants producing only the inside units. 4 Although both Beaulieu et al. (1992) and Cecchetti et al. (1997) relied on deflated value data, the physical unit quantity data is preferable in our context since we analyze the capacity constraint. Krane and Braun (1991) used physical-unit data to test the production-smoothing hypothesis. 
Empirical methods
This paper adopts the same empirical methods as those employed by Cecchetti et al. (1997) to facilitate the comparison of results. First, consider the following reduced-form linear presentation of monthly production:
where the s it 's are seasonal dummy variables (The i-th dummy is one if the month t is the i-th month of the year, zero otherwise.), λ is a measure of business cycle stage, and Q is the production level that would prevail in the average season if the business cycle were at a neutral position. Following Cecchetti et al. (1997) , suppose that t Q ln consists of a linear trend and disturbance ν. This implies that production is supposed to be decomposed into time trend, seasonal and cyclical variations, including interactive terms, and error terms. Then, we can rewrite (1) to, after taking the Besides, the use of micro data has advantage especially when we examine an industry composed of heterogeneous plants/firms. Schuh (1996) , analyzing the aggregation effect in inventory models, is an excellent example of using micro data. 5 Due to the confidentiality requirement imposed by the law, the data of individual plant cannot be made public. The plants are renumbered to keep anonymity. The sample period is from January 1988 to December 1995, to facilitate comparison with Tomiura (1998) . Although 27 plants produced air conditioners during the period, six of them are excluded from our study of seasonality since they operated for less than two years. 6 The year 1993-94 recorded the lowest level of production during our sample period, while the production was on the highest level in 1991-92. It is a custom in this industry to start a year
,where α corresponds to the slope of the linear trend in t Q ln , while σ and φ denote the means of the σ i 's and of φ i 's, respectively. This paper estimates the equation (2) for each plant by using the monthly micro data and examines the following issues.
7 First, this paper tests the conventional assumption of φ φ = i for every month i. If we impose this constraint, we neglect the interaction of seasonal variability with business cycles. We will report the test statistics F for the F test of the hypothesis that
2, … , 12) are jointly equal to zero.
Second, this paper investigates whether the seasonal variability tends to be larger or smaller during booms, based on the following summary measure which is borrowed from Cecchetti et al. 
Results from plant-level data
Our principal results are summarized in Table 2 . First, the regression based on aggregated data confirms the previous results from two-digit industries by Cecchetti et al. (1997) . Since the null hypothesis of all the interaction coefficients jointly equal to zero is rejected at any conventional ("refrigerating year") from September.
confidence levels, seasonal and cyclical variations are significantly interacted. Besides, the seasonal amplitude of production decreases during a boom because ℜ is substantially less than one.
Second, the results from plant-level regressions show that ℜ is less than one in 15 out of all 21 plants and that F test of no interaction is significantly rejected for 13 plants. Therefore, our analysis implies that seasonal variability and business cycles are interacted and that seasonal production variability tends to be milder during a boom at the individual plant level.
Finally, from Table 3 , we find relatively high average capacity utilization rate for the plants whose seasonal production variations shrink during booms, especially whose interactions of seasonal and cyclical variations are significant. 8 Compared with the intertemporal or cross-section variability reported in Table 1 , the contrast demonstrated in Table 3 is substantial. Hence, our plant-level finding is consistent with the capacity constraint hypothesis, which indicates that the capacity constraint attenuates seasonal production variability during a boom. 
Concluding remarks
By using plant-level data, this paper has confirmed that the previous result from two-digit industries is not the artifact of aggregation. The use of capacity utilization data has provided evidence for the capacity constraint hypothesis. As the interaction between seasonal and cyclical variation appears to be related with the degree to which the capacity can be adjusted, an important task left for future research includes the comparison of industries which have different capacity adjustment costs.
7 This paper uses the total index of industrial production for λ, after detrended and deseasonalized. 8 To examine the capacity constraint hypothesis, Cecchetti et al. (1997) use inventory data jointly with production data, while this paper exploits capacity utilization data. These two approaches should be interpreted as complementary. 9 Excluding eight plants which stopped production during low seasons, identified by asterisks in Table 2 , will rather reinforce the contrast. Note: The figures in the "Across Months" column are standard deviations among each month's averages, while those in the "Across Years" are standard deviations among each year's averages. These first two columns are based on data aggregated over all plants in our sample. The figures in the "Across Plants" column are the cross-section standard deviations across each plant's averages. The capacity utilization is defined as the production quantity divided by the production capacity. ) jointly equal to zero in (2). ℜ is a measure of seasonal production variability during booms relative to that during recessions, defined by (3). Note: The monthly aggregate production quantity, measured on the vertical axis, is standardized so that the average in each year is equal to one.
